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CXKLME PEFMEWBILTTY A^^) SSlfJSFCUWtLV PBODOT OIL 

Ih-is invejxtlon r<3la*ed -to raOTVRrin^r oil. frcm a suhrtscrojiean 
oil sbalo l:y maaiw of a ccavSootiw heat dri^'a prr>rs?«sj, r^tare 
IwticulATly, tha invention roleites to treatiTuj a relatwly thick ► 
and substantially ccftplfirtzilv inpaxTPeeible subtcorrfurtCi^kn oil nhalo by 
nioanfi of 3. corelUictivc boating psovaau which tooth creates a 
penotoftbla zone witbin a selecAfid portion of the oi i 3ha.le aiva 
subseqpieiiftly ptoduoyB ehale oil liyirocaztaas. 

A pfjrraeability-aidad typo trf conaucti.ve heat drlv© fbr 
prcJucijiq oil froB a sutoterr^an nil <ihal.e inventea in Suodeai 
1^' r.LjXjtrjgr&tttsm. ^Ibat poocesar which wctd iji\<eiitad abnot 40 year? 
ago, waa comiorcially ucad on a groll scale in tho It is 

de!d:;]:ib9:S in Swedi^ PatfifttA N06« 12I,737| 123^36: IZy.lTJi 
123,138; 125,712 an.i 126,674, In Oolttti etataa Pateot Mo. 
2, 7 32, 195 p and in joamca articles sjch &vi "Ond etTji - qu n a Shale Oil 
Pyrolyals Accordit^i to the Ljyngstranj MatbaJ", IVR \folira 
(1?53> Ko, 3, pagas ua to 123, and ~ltet Busocgy Rocovoriess For Tne 
In Situ Dielectric ^iMtlng oi Oil Shale**, Oil Shale SyispoTiufa 
ProoscdLigs XX, paqv 311 to 330 a978). let the awedLah pmoaeBf 
I'^t J Jijeccioi walls and fluid producjug wlls wre ocwpleted 
within a pexireaiblQ n&ar^«ttrfaco oil ahale fbnnatlan so that tJiero 
was lo£S thao a thx^a-ciBtra separatlco betuoan tha barehsleiu lihe 
)v3at ijvjecticn wells Mere GquigjsEd with e2©ctx.\cal or othsx haattng 
olcncitts \v^ch Hsr* saxxoundad tiy a itass of nttt^ial, easti as sand 
or cBcnsnt, arran^ bo trsmsnd.t hsat icto ths oii 3hal« >9bilB 
S>revcntii3g any InELcMing or cutfLcMLog ct fluid. In tha oil Bhal« 
for vhid) t{i0 Dii^iTHfih xtrocaas was daaignad tesesd, thd 
pjarmeabUity was such i±&b« duo to a ocgitingroa inf Icwing of giourtd 
vn-tmr, a continuous pcKping*-ocrt of watai: was oaada^ to avoid 
vasting onarg^ by svaportitlng that uater. 

141th reapast to md»twitxally conpletoly licponnfi^a, 
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mlatively cViip *-ind ):i3laLivciy tiiicJc oil Glvale ctepowts^ swcb as 
thoH« vn l;l-ic PiceanoB Itwi.a ia t±i« UiiteS statow, tJia pcsAsnMlity 
ul* otllizjng a cxMitluctivB heati.i>g prooasa fear pcroA)Oliiq oil 
prwictiaiy a3]i»icU>rtx^ b> be — aooaocdiJiQ to prior tCAchintfB and 
beliefs — «:rmoaacaLls' urjfeaadhle. Fbr oxairpla^ in tha 
alwe-i<3cftti£ied Oil SliAlo syci5X)B5.urft* the LjurejHfcroem iiroooss is 

oil by «nfceddiog tiibular e.LectrijCal hencting elmmta within 
higl^-cft'ade shale dcpooits. This wLhcd relied cn or<ainary tJwnral 
Oif fusion for ahal« bSAting, which, ot oouxee, reqiuTea Lai'gu 
tfinperatAiro <jridient-i. '0tua, heating wry ijuo-unifoorro; nanths 
w^xe required to fully cBtarC- sarall rtxxn-wze blocks of ahale. 
Alaor iaicii baa± ei^ergy uvis waatnd in undLrrtuaiting ttie chaifi xegirvifl 
bfiyonnl the perijphary of tile retnctJpg ?one ttad cA»erhftai:ijTg tho 
Kiiale closest to tJw hueac oouroe. Tha latter probloa Ih especially 
iitportant \\\ the CA&Q of i^iF«tem alialufi, aira» U-joaad ertti-^ i.cx 
cverhaatBd zoren, cannot fully rcccwcred by di£fu-a.an duo to 
ci^thamtLc raactxoiw which take place abovo abajt WO 'C* fpa(?» 

In Aubstantially ix^rneaibre typtta of ralativcly thick. 
8Lil>t&rxaTiean oil shalfi fainBtJ.cnSf diD craoting and naintoialD? of 
a pcjauticibija ifcooa l-Jinxxxgh which the p^'rolysis producta can be f lowod 
lian been found to ba a severe probiem. In uft Hatcart tto. 3r^$ff/376# 
it ie ntatEvll (in col&. 1 and 2) that '*Th£r« are two jooc^xociifiiia 
involved in the transport of t»3t thDcou^\ the oil ah^ie, Reat i3 
transifcrrod thnDugh the arili^i mzu of oil cthale Jay ccoduction* l^:e 
hciat is alao tranaferrod }jy oonvecfcinn tlurough tha aolid iraas of 
oil BhaXe. HHrjt trmaiicr of beat by ooaiduction is a relatively alow 
proot^titt. Ihs average chenDul ucsndoctivity and average tbenoal 
dif fqsivity of oil abale are aJwut thoaa of a fiietorick. Tha matrix 
of enljd oil 5hal& has tm RKtrceely low (ttrxBabllity mcki lite 
unfAi*««d paQraftla3.n. AS a j:t?Bult, the cocDWCCtiv^ txacwrfer of heat ifi 
LUdtAd to heating ^ fluid flotce obcaincd in opm channels 
tia\Kcx«ft tha nil shale. Thcad flor channels nay b» natural and 
^a•tifloially ixiducad fractuDnoc. Gn heatingr a layer of 
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pyiolyzfld oil siiaia bailOg adj&oeirt: tha cbaarrol, tliis layw: la aa 
i)X>rgiuiic wirj-ral iiicttrix which oontocinii varpr/j ctegroes of carton. 
•J.lie la/or iis an evcr-oxpafldirjg hairier to heat flew fron th» 
heating fluid in tlie channal.*' The pacent Is dirarted to a prcxaeBa 
for cnrcul&tijig Tv^tad oil thttla^p^lyzljfi^ flaid ttxnnugh a flow 
Gharra3 while Adding abrasive j^articltm to tl'je clroilating fluid to 
erode i±m layer of pyitpiyrai oil shala haing fonted adjarent to tlio 
chaimol. 

A].thoa^ tha thaonttl cooductivity anitl tJiaaKil dif:&wq.vity o£ 
nvany aubterraaMkUQ oil steles are, in fact, rolartiv'ely admilicr to 
ttosc of unglaxed porcalain and firc6ridt, US patent Ife 3,237,689 
FOstuLatos that '^a rapid adi'smcw of a iioat friant- (Co3.. 3, lina 7) 
cdQ ba obtained by exchancqlng h^t fantswen die oil shale and. a 
nucifior vwicttar cnoUng fluid and dowrrihes gyctcms for ualng 3uch 
reactctra either locftted on th?s earth's surfaca or In tlie caii ahalA 
deposit. 

Patant Nb, 3,2&<,2fll £eyi» (at Ool. 1, lijiea 3-21), "UttA 
producticn of oil fxom oil diela, by haatijog thu eihale fay varioas 
cnaana suc*i as ... an ela^trical reaiatarce heater . . . haa h&vt 
Attencpted vrith little aaccmsm, . • . Fracturiog d the shala oil 
ptL-ior to tha appiicattcai of hoat thereto by in aitu ooictjuetian or 
othar means has bean practised witli little success beeaaaa tha 
shala swaUs upon Jieating witt ooaMacrufint partial or oowplete 
olosuro ot the fractura*. Tha pata^t dcscrihea a pmceaa of 
aaqiientially hdating (and bhus stalling) the oil HuiiB, then 
inj^otin? fixild to bydreulicaiay fxecture the ewollen ^ale# thcia 
repeatijig t3u)3d atE^ja umU a hsat-btofala f ractoxe hfts botioi 
poxipagatAd into a prodiictioo wall» 

US Pationt Ro» 3,45S/383 ddccxibea th9 aocsmilaticn of 
partially (depleted oil tfwle fxagneats within a flow cbazuicl such 
as a horivdntAl fraoturo bain? hAld cpeQ by iiia pceaanre of the 
fLiid within the cJiaraael. TJia patent disclosos that if the ctowel 
roof 19 Itftod tx3 oQttntain a flew path above such a iay«r of 
dap3e*»d chalA, the avrrXyistg Cotiointioaa muat he tent and, without 
prec^utims^ will hetrd to an extisut cauaing fractures to ^cbsavi up 



to thm .surface of the aarth, Tttc patent Id clirectod to a prooe^-t of 
irfteindttariJy ra^uoinq the prM.?urc 00 the fluid within sucli ;3r 
fracture to dii»r ths weight oi the overtourdon to omsJi and ocmpact 
tJw? layer of dsplet«d aftale. 
5 a si<;nificant p>rti.on of stisetantlaJJy iii^pecseable aiv3 

ct^AtLVRly i^c^ oil afasl* depctsitfi, buch aa tlxtsie in the Picaance 
Hctsln, A vaiuable rescuroo ut a-lxTiajxiis) is present in the Icxin q± 
aawsanitfl. in us latent 2to. 3,3as,97S* dtj»ctB3 to recavorliig 
aiummicsa valucafr f rw retortfid oil sfaalMi ha!tr« baan rained cut 

It) fxcn 8u^ deposits, it ie piDlntcd out tivit, ^n a substontlai 

aJ39ono« of water# at ti»|jerature3 of about UOO the dawwriitB xb 
oonvortfid to cr>'«KalllTtA fiodiiim sOxocimto. Such a Mat^Hree 
retcrting can da umifjoaff dDloBiilte in ti)a shale, to pitsduca cart)on 
dioxLda/ calclt&r ^>nd vngnssiinn oxida so that naqoocsiuflQ axidSa 

] IS catbfjiafi vdtT) part of tha ailicdn dioadde in tbs sixalc, in a mannar 
ponnlttiiig a higher roooviary of the alunlnlura valua^ liy a 
prccese. US Potent HOi 3/502,372, dixocted to utilising aoluticn 
irdiuxig to recover daMaonitae« iJidicatBa that where dsfi yfrolysd^ 
dffiected ty an ex^Maua flttld, uich aa atsmt or the prodiaotft of 

20 undorgtouai oocdsustlon, it nuat te ccndnctod at a lov tao^peraturii 
and tlnis JCdlatively alonrly, to avoid oonvsortlng tlic dsMaaaita and 
othav aoaajble adiBTilft-iiaa ooopoancls to ao ineoljuble mtcrliil &jch aa 
amlcdti*. In US Patent Ito. 3,572,838, a slfnlXar raiatiwly low 
teoperatura pyzQlyaia I9 altomatsd vitb infections of an oquaoua 

2:> aUcaline fluid oontaiidng an add-insolUhla ctwlatong agont to aid 
in loAching daareonito witJiotJt fozirdog 3U0b inaoliiblft xnaterials. 

Ova presoDt Inviontian ralates to a ptoceaa taac oondmtiT«ly 
]\&atLng a aobtezxanean oil ahala foaeaxion In a xnatfvier arraDged tcr 
producing oil fxot a eabtarx«D3eaD oil ahalA fgrorhlm Wiich ifi^ 

yr^ ijrxitiaily, TobstantlAUv iji^noBablie. accordanoe ^th this 
iTWQQticxi, the poortion of oil ahala deposit to be tzeated is 
selectwl, on tha of ths variations vlth depth in th» 

cfspxiition an pccpartioa of its ocnpcnantei to have properties 
capabl<9 of IntAC&cting in a natmcr vdilch enhances ths tmifofinity of 

35 the heat fxontA to an axtent liAtitix^ tha tine and enexgy 



oxpeadltur«» proOucing thci oil to values equivalent to less Chan 
tha value ot th« oil whictt Is prodwce^. ?ho aeXectioo of the 
treatnfint interval i» ba«ed do th« gr^ide and tblckn«»ft o£ the 
portion of oil chaia deposit to be treated ena tbe enhancettent it 
provid«j amounte to xcduqtng the eiaouat qC heat eitergy lost due to 
exothermic eide reactione and Inereeslng the emeunt ol oil 
recovered froia a ^iven qrade of oil ehale. 

Itt accordeoce with tMe invention et leaet two vella are 
completed Into a aubterranean oil abate troatnent interval which 
la flubfttaotially inpernieable, containa PubeteatlallY uobile 
water^ is at least about 30 m thiek, la capable of conflalng fluid 
at proeees praasure, at leafct aubetentlally wn^tbln t)ie treatoent 
inteirval, and oontatoe e grade aod thickness of oil abale each 
that the average grade In gallona ot oil plus gaa eguivaleot per 
ton by Plaoher Aireay le at least about 10 and tbe product of the 
^rade tiiaee tbe thietLneea in oetrea of the oil shale le at least 
about 300. 

Thus, tbe preaent invaittlon provides in a process in 
vhlch cil Is produced Croa a fluhterraoean oil shale deposit by 
extending at least one each of heat-injecting and fiutd-producing 
wells into tbe deposit^ establlsblng a beat-eonductl^re fluids 
liHperneabla barrier bettraaa tbe Interior of each beat- in jec ting 
vieXX end the adjacent deposit, and then heating the Interior of 
each heat- injecting ^ell at a tesj^rataze SQlflcieat to 
conductive ly beat oil ahale keragen and cause pyrolyals products 
to fdts fraoturea within tba oil shale deposit through vhlcb the 
pyrolyalB prodacts ace displaoed into at least one prodnotlon 
vell^ an iaprovenent for enbancliig the unitorttlty of the beat 
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fronts moving through th* oil shal* dfipoait. which cQ«prlaea» 
determinlog variatlona wlnh daptb in the cowponitlon aad 
properties oC th« oil shal« deposit; 

coTDpl«ting a«jld heat-inj«cting and f luld-pxoduclng veiia 
BBlectivftly into a tr©attt*nt interval of oil shale In which 
the oil shal* depoalt (a) is at least tbout 30 m thlckp (b) 
ia subatantially Impernaabla and free ot mobile watar, 
(fl) haa a cottpotitioa aud thleknaaa a«ch that tho product of 
the average tlachar Aaaay grado tii&«B tUe thichnasa of the 
treatmant interval in at least about 900, and (d) thereby 
contains conponenta capabl* ot interacting in a Tnanner 
enhancing the unlfoxwtty of a front of condoctivaly 
tranawlttad beat, with aaid wella being arraiiged ao that, 
at laaat aubatantially throughout said ttaat»ent interval, 
the well boreholes are subatantlally parall«l and are 
aeparatad by aubatantially equal dlstancatt of at least 
about 6 ni and 

within the Interior of each heat-injecting viell maintaining 
an average temperature which, selectively along said 
treatment interval, ia at laaat about SOO^C, but ia not 
high enough to thamally damage equipment vithia th^ well, 
vrhile heat ia being trananitted. avay f ros) the well at a 
rate not algnif leant ly faster than that peraitted by the 
therioal conductivities of the earth fonftationa adjacent to 
the heated latervai within the veil. 

In a looatloQ In which a agbterranean oil shale nay 
contain portions vbich axe generally suiteU>le for ub« as a 



tr«atTO«at iat«rvftl (as described abovir) but are ape to b« 
P^rmoated by Bubetantioily dtaconnectodt oatuxal frac^Qree And/or 
planes of weakness as wail as being located near boundarleo of the 
Qll recovery pattern and/ox near a potentially active aqulter, the 
operation ot the present, procese can advantageously be combined 
with a use ot •guard walla" located near the periphery o£ the oil 
recovery pattern and/oi: betveen a producticQ well and an aquifer* 
Such guard veils are extended at leaet aubatantlaiay throughout 
the vetticaa extent of the treatjnent intervale and the adjacent 
foriMitioRa are Initiailly heated by theruaJ conduction in a manner 
similar to that enpicyed in the heat-injectino wells, except that 
the guard wells are heatetl at temperature a which are too lov to 
iraslfy significant pro^rtioc of the oil shale organic conponenta 
but are high enough to cause a slgrslflcant theroal expansion ol 
the rock matrix ot the oil shale depoa&t. 

in son* instances, it nay be desireble to maintain each 

a 
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relatively lew t«rpei:«t«).-e guaacd wli twiacfcing thTOjgtv3uc at; least d 
substai^tiaa portico cj£ tha ahalD oil riaoav»ery prryreew. In other 
instaiOTO, aftur aa initial rftJat-ivoly lav tea^JBratura hMting o^" 
tha ^Tci M^U3> it my 3j£ adYantQg«x«i to liaaL guard Mills ut 
*»}xjut tha tjeocpcracure aeloctied itor the hsat-injecting w&llfir i^i 
orcter to ^pand thp pattcacn of waJIa frcra wtiicti oiJ is digplitf^fcd by 
tbeocmal conduction. 

As used bcreio xwgardLuig rJw gcaae of tl» porticn of oil 
to be tTBated* tbe "average grad* in gallaw per too by Fisctjar 
Assay** refiartt to tho followiitfj: Tlw dataisdjiatioffi is or U 
equivalent to a dartamiTiatlcci cooducted subetootizaiy c tej»;ii bed 
in th> ASlfl Standard Tcrdt Method II 3904-60. CrCJoHatA rax ataala in 
dOflfylAl txf riffle^epllttliiQ. iha detamdjiation of tbo mojtit, o£ caX 
plus gas eq^iivalciTt availablQ- fron ail sha^e Is loade by heating thD 
rah^ chalo fmu «iiibient caqneratutc to 50 Q in cast aiumtnlaii^ 
alloy retortis. Ihe vapours diatUled frGBi thD sanpl« aro cooled and 
tiia ocmdenaed fractlxai is 0Qll«3tRd, Tb^ oil and ^tex factions 
are os^aratjad, tbe mter voIuum (cooK^tertBd to weu^tit eqaivaleot) Is 
cnMisured and aubtractad from tbe oil pLas «tater weigfit* llie wei^M. 
ot uncondonsadble ^aiaaB evolved Igafr-plus-loss) is thesh calculsitad 
by differe^ioe, ths g.£ade, as used ia tbe "gzafSe tiooss thickness in 
niertred ot oil siliale" product, is the gallcne of oil plus 
Ivydrtxarboari <sub egnivalent corrcspondiisg to tha total ^qht ts£ nil 
pluB hydrocarJxn oas evol*yed by the heatjj:g< 

<nie wallfl are oonqpleted Into ttie treatzient intecval a;nd atA 
orrajigod to ptotfic3a at loaat one eadi o£ hoat-injecsttng and fXuid- 
prolucing veils having txarohoios whijch, scbetixntiAlly thocoaghcxrt 
\Lho trcatnant Interval, are auhstantxally paxallol and are 
K^xated ty gubgtaptlally cgaol dietancBS of at least atemt 6 
In ecttji) I»at"ifrjectin9 «ell« substantially throu;(h2ftit the ii o a Un ent 
interval « tho Moll-surrcoiding face of tto oil gfaale fbumt ian in 
?ea.ied vith a solid XBtorlal and/or ceovrnt whi^h is relatively l^aat 
ociranstivw and s^tetactlAlly fluid irRpecsnrable* In each fluid- 
pttTdiffTing M9llr sebntanclally throughout tho Lma br e nt interval, 
fluid cocmBonixDaticn i^ Astabla^^ed botwocm the well baieliole and 
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tiwa oil Bhale fooraatiio o/xJ the well, ia arxangoa lor pjxjriucim^ 
fluid iron tha oil ^lalo famatitm, T^e intcrix^ of each. 
hwit-injttctirj9 w^l is hotted, ut least snb8*an*:iaUY Uirajghcut 
tlie tre&tiDBrit intozval, at a rate or ratess nf (a) 

incneaslng the teapranrtnora wichlii the bortAole intarinr to at least 
altojt 600 *C a£d (b) jnaintai.tiing a borehole xntBrior tfjtp^atirre of 
□t least aJxyat 600 without craustng it to bGcaoa high entxigh tn 
thc'jni'blly danaga oqulixn^ Within tfw boretv^la vhll« tJie rate tit 
which hsat i6 generartefi in th© fcoraholfi ia fiobi»tiDU^31y equia to 
that pemdctiid ]:3y tha h^at cacuv^tivity of the oil bhaln t aaa ti ryn. 

In a pc^ferrad entolLxiBJit of the piesfSit s^ooesft* the niatttrial 
for doalijig the f aoa of tlia oil fihaly & "i nM t : f nn along ttte borebolo 
of at leaati ona httrt-injecting well ia a closed hattrm rasring 
qunnitja^ b^' odcuDt oxxmgad to fiU substaAtially all iif tha apa:3R 
batasaen each outemoAt xiiitallic alcmnrt present vlthin tfao iDtc?riQr 
of tl^ bodcehola and the adjacent laoa of tha oil shale fomtiticn* 
with aaid cxacaat having a ttnnniel oondcctivity at loant 
eiAwtantlally aa high as that of ttm oil shala foxsn&tian. 

DetanoinBtlana are noda of variations with dopth iii tfaa 
oauiqpQsitiai and pzopartiGS of the oil shale deposit and. Id a 
Particularly pirefersed psxccdurv, h^aad cat tha variation wiCh depth 
.in the h&at- oot^^ivity of the oil ^uOo de£06it< the 
iTL:i acting wells oie ]>Qfttfid fio that relatively higher Cesperaturoa 
ar& a^liad «rt dapthe ad:iaoent to portlOAa o£ the oil shale deposit 
in tho haat oonductiylty is relatively l<v. In additioo, or 

alternatively* in vaxlmfi &ituatlona, tha effective radius of at 
least one hdart-injastixtg weU is increased by creatiToj an expanded 
portion of the veil baroJioie and BXteDdin9 haat-coodocting metal 
eJeoenta J^cn within the heated well intcrlnr tt> near the «b11 o£ 
tlm expanded portion of tha bordirtle» 

Vhm panaaaDt prooese Is valuable for use *d±hin a txaatnent 
inteii\'al oC oil shaiji Whictt contains other valiiahla ttLfkerale such as 
dawsonite and/or naboolite» In such a situation the pcttaoaat pjaooasfi 
creatas a renocablift kodb «hich ie selectively Jocaied, within ti^ 
trastmratt loterval cttid tt^tantially %iithin xim hooadarics of tho 
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paftona u&ei for the oil prcKJaoticn* The rewltani: pcnoicabla 
zone- j.jj a zaxxi fxocn whLcb soch otJw minerals can ba anliit.ion- 
niined« 

In gsoeral, tJio preaaot invention 13 appUooblii to 
substantially any subtcrranaan nil flhal/^ (3eposlt ocotaixiing .in 
interval of BUbatanHnny iijpertaaablft oil 3ha]« wMdi is 
aubataiMlAliy frco of wbhiTe >ai«r. Is mrc than nbrait 30 m tJiicX, 
uTjd has actcqueite mvera^ grade in 9all<ins p^r tuo (Pinceher 
Assay) to give a gradQ-thickndin porxvauRt of about 900 or gi^tHr. 
Ths aworflug* grade of the ^Jeab3d intervdi ahcmOri be groatca* tl^ 
aiwat iO gAilotttj pyr tcjn (PtscJi^ ^ififiayK Vfithin thara lirattaticnc, 
a hlxjjjsr grade*- thickness product ).» iT3crea9lngly deaii-dbla if other 
canditiona cucti a? depth rciMiln ttia san«, 

tlxs invention vrill ]kw bo OKpl&inad in greater dotail with, 
irefererca to the aoooctpanying dratni^s^ in wjiidos 

FlgnxQ 1 shows a plot of relative rate of return (BR) for 1982 
US dollciza invested in iJisteilUng and opersating tte pzooo&s of tbia 
pro9ont invantion, a? a functloa of oil shale grade-thicScncss 
(G^) £sroduot, to produce sheilo oil art Its L982 value. 

Figure 2 illustrates a plot of thsznal profllaa at dn 
<iJS9rvaticn well regeucfiing tewpemturea maaBured at rtif fierent 
deptha (Di and timsa within that vpoII, 

Figure 3 is a plot of the racial thsraal profilaa at the 
ndjdile of a heatet^ r,an& aftor dtiferent tinea of heatiitg. 

Figuna 4 ia a plot of theisBl oc(ndhJicti\fitiea p^yallel and 
EXjrpendicular to the bidding pianea of an oU shale as a function 
ot tcnpcratura. 

Figure 5 is a graph of Fisebsr Aaaay yield with d^pth (D) in 
and abCA'O a hdortad paction of suboerransan oil shale. 

Figures 6 anJ 7 are plot* of hcari^ital and vartiool 
tmpacature pcofilos within a heated portion ot Adsterxan^an oil 
£]^alB foocnation. 

Figure 8 i« a echeeetic illustratica o£ a paction of a 
cconplotion arrangevent saitablo for practisijig the cxeaant 
invention. 



vffZT pautoru used .for the oil prtyJucticru Tha nwultane jxrtuoahlfl 
7xm^ in a zcc» frcra which such otJ^r mineral* can faa aaUition^ 

In g-r»ral, -tJio prcttant inv^icn ta applioablcf to 
fiubBtantia.Uy any subtcixanaan oil -Uial^ (Jcposit ocotaixjirig on 
intervid of mibatanHany in^ttrtoMbift oil aha 3 « whoch is 
subataiM-lally frco trf mobile wal'sM:, Is jrurc than nbrait 30 Ta cJilc^, 
tujd has w aclet^uitc atvera^R gxada In gallons pfif tuo (Pincher 
Assay) tQ give a grado-thickn&iro prxa^uct ot about 900 or cfreater. 
10 Ths woroige gradn of the hwited lutiarval should be greatxx tJun 

about; 10 gAUot» pyr ton (PiscJier i^ayl . vathin thaaa limttaUonc, 
a hicjJiar graiac-diidoiesa product i.» iTJCTcaaliigiy dosiir^le if otiwr 
coftditidns fiuch a? depth rrrwin thn sane, 

7h2 inventicn will new be oxpl&iisBd in greater de«uiil wltK 
(5 irefexeTVTS to tine ftoocDpanying drawings^ in viilchx 

Pigroe 1 gi5CMs a plot of relative rate of return (BR) for 1982 
US dolLtcd ireueeted in ImtalUng and opesstiivg tte procx>&6 of tfay 
prosont inventioD, a? a t'onctioo of oil shale grade'^thiodcocs:! 
{(S>im I3£0duct, to pio^Qoe diedo oil at it* L982 volxse. 
^0 Figuxe 2 illustratittft a plot of thsaml porofLUsfl at an 

db&Qtvation well rogarcSiiig tefloperaturea neasuxed at di f rcjeiit 
depths (D) and tinmm viUvin that voU. 

Plgure 3 is a plot of the radial thsanoal profilsts at ths 
ndcMIe a£ a heated ?xm& altar dli^Brent tizoea of beating^ 
23 rigoiM 4 ia a plot of t^OBl oonductivfitiB* pairallal and 

pfsrpendloular to the boddlng plaoea of an oU ehale as a fuonction 
of t ti PfeJ Cia t u pft. 

Piquxe 5 is a graph of PiACber Aaeay yield wlt)b d&fith (D) in 
and atxA^ a haarbed pcoction of sidMaerrackdan oil shale. 
30 f igures 6 add 7 are plate of horiaoiital and vortiool 

tflnpacature protiles within a heated portion of ndbtenarfoan oil 
fiJ^ala ftsrnation. 

Figm 8 ie a ectteotttic iUofitratioa u€ a pcstioo of a «ieJ I 
ccoplotion orrangewent editable for piracfticing tha preawrt 
35 iiwentiflfL. 
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Lar aanri, Ljungstroaa teaciwjs that tha in flitu boating j«ci 
pyroly^iJig ahooTd ho dbria in a pottian of tin* iinpBurr«id>Ic Comiticci 
which 15 verticainy rsontigiroua to a ^U-intuicurMcfcinq fcactux* 
or layer tAiich Iub different go&logical character and is 
f«TneabLe to flow of the fluid pucoduttt.K of the heating cir 

Ccotrari' to tJ« Ijcpiiuatieana of sxicJl prior tBachinga ai^rt 
beliefs, aj^pUcants diaocworiKi thfit the prcaantly dBHcribadJ 
conductive haatiflg process is cooncraioaliy feasible f^r u&e in a 
aiibstantiaUy iJtpGtJteable sutaterranaan ail ahaJfu TMe is not 
obvirois, particularly in viea? of tha fact that th» pre-jwiL process 
U993 a rnudi larger v#ell ^ii^Acin? than tdiat u&od in the $m3l9h 
piTic35!^9 and tha preawTt pncooss is ccxx3nct^ by heating th» 
injfictfon Tuells to tenpacacures of at leaat about 600 »c laltfarogb 
600 *C iiaa been said to by ccndgcive to an (KoaattdjzaMy untenayblfip 
h^t»-wastlugr erjcbthesnnlc roectioo?^ see the Oil Stttls 9ynpoe3p» 
Prcjcaedings meptimigd atove) . 

^ means of laboratory ai^ field taat Aaasaronenta and 
niathemat3;cal ncdeds of the present pzoooaa , applicants have foond 
tliafc whoa tiaa ^13* ara fipoond, oo«pletert, atid opexatied as 
preeeutly <te fi c d hed » the only nation in vfhich heat energy id 
utilized 711 an endDtjurAiic x^vrtion aacaatA to lea« than aboot 
of tha anaa to he heatod, and tha energy lost in that faahicrj is 
insiginf ioaitt^ Aiap.1 ica nts l^avo iiieafiurad the rate at which 
aiibstantially iifipconaabla oil sl^ale formtiana axtt heated I^' 
CQDsSuctiidty, and have ddteondrad the ascunt of hoat required for 
PV'JColy«lii9 Jcarogen wid thennally larasstiriciog the pyrolygis 
product* to preesures oapabla of fracturing a mlativfcly de^ oil 
fjhaiLe ecanatlca and thenaally displacdug pyrolyeie prodn^ through 
tha UD-oreated peisieability, 

Ibe dixta bbteinad b^' suoh Ri^Aftarenstte in Hold and in the 
lahomtary luva been wqiloij-ed in oalcmlatitane nf powar regulro- 
mficrta, eoanaalca, tin to start praaKAioa, iwojec;t duratacn* 
xxnnt of produotioa, etc*, in BatbenBtlced sinulatione ^t 
ooczeXate vitii the field and lafaasatOTy data and -ir-z^^r^- t±te 
(naonitDdea of such £acti>ra in re^»ot to a full soalA prncnae* 
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T>x)!» oalcuXatioaM; indicate thcit thR pro-SGntly defanefl procews ix 
tha only tthaia oil prcxtaction prcccs* of wht.d'i iiyyiicantfi aco ca^n 
wliich i3 oapablR of cccxiardcally oiAainjjtg oil Crcm a iBlativcly 
Iw grade oil Khale fonratirin, soch Jts aw in whicii t>» Fischer 
Ass^y 13 oi\ly is galioivi or Ibbb per ton. Thas capability can 
incrcaftfii the petroleura neneixvoa of a aii^ivi (: ionnt laroportiai of tha 
oil slvilci land« ijy a i;<st±wr of six. In acWiCicn, with respect to 
prooesses for uwaergxoiund mining aoad otxiifted ixi tiitu rfstnrtjjig a£ 
oil i*ia3e, th& piTsient pixxseam (ngi^ifioaatly ijvrredccs the anpgnt 
of ovaiiohle zeaa^rcHa liy eliZDiiiiating tJw nakJ tar s^CTODCt piiiarn 
and iutoj^urdan betwi^ ndj\ijig zouhb and by prowiding a xu&ans £ur 
treating snbfttantiaUy all of a very thick im€^r^79d of oil shale. 

Tha present pmoeOT oan odvrant-agoouiily ba flfplied to an oil 
Bhalx5 fomiatuan iii which there ifi s)igDifi<ant cjonaentraticn o£ a 
xniTwral sjdi «» asMosoilbi cc palTOOlitB. In jwch a foaiiHtion tt» 
proottRfl prcwidSB a pexmwd&lH zcxie frocn which <iuc*) a ndiisnl can kje 
rooovBrad, in addition , tbe iamwgut procoss ia particularly 
advantogacpfl in ccavertii^g dswoanita to watcir-aplable coBTpcnuida of 
aluadniuai (pixbably rho-aloimia) which have bcaen (both chsftdceiLly 
and phyBically) irade avzllable fox solution-adiilng to poodnoa tha 
aluuinaiini — an csaaaitlal natoriai v*ilch is in fihnrt nupply witiiin 
the Ortitad 55tatcfi. In cgntraat to many prevloiUily proposed 
proceaaofi, tha pixceos of the present ImiEntion roqulrefi aib- 
stantJ.a11y ijo WEitax, invQivea mreuwl lard disruption, and uan ba 
CQcidLictHd with mlivixnaL atnoflphctric pollutlcffu 

Figure 1 shown the ralatiw rata of return for US dollars 
itwiistBd in installing and opejfating the present ptocHaa in field 
ajppli e».1;lcn8 that have boen nat±kisQatij?ally nodsl^iod frcn data 
Q]3taiDs»3 b^' field and laboratory rawiiwreweDts, 
Hy/iMPLE 1 

A D^xiwf erf injection and jiroductioa walla 3j9 drilled into an 
Qil 9hale iMttution 48 a in thidotesa with 120 m of owertourtten- Tha 
d'M^zaga. oil gredb of the littar/oi is 20 galloria jmc ten a» ctetor- 
iiiin«d by Tdscbcr Amay* 

ISte well parttftrn i<i a sopwon-fipot witfi each haat inj«rtoc at 
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thm comer of a regular hnxa^on sozzo'jrtcllng a cx^ntral producing 
vxiU. "fti* apaciiag is 22*5 to >j-tMBsn prodijcers and .ij^Jcctora, Tte 
patt&tn npMTta %ri th ptoAjccrs kdiaring tha io j«ctnrB i n ca^di 
<ilrocticm cind aontimw to Itorro & tielxV-widtt pcrttBtn capahlA of 
5 proc^iidjng a lar7« qoantity of oil. Tte lnjGctoc-tD^<prnducHr racio 
ar^soach&ft 2 to 1 its a larga fiald, Tn Pbcanpla 1 tbfi txstai oil 
p3X)iS3K!Cian 13 23,000 borcttla par da^' throagtoJt: the Ufu ttf tlw 
jxroject. 

Tpj& injection ««]J9 eLecbrical haattira arn fSRmsnted into 
iO faxnatioti acid oonnactad to % pover soaxoo on tbo tiar&tcR. Iha 
producticrv wells arc op^inxxl.witl) atandar^ oil field isxaqpa for 
lifting thm procJuoert oil to tb* aarfaeiu ■nrre electrioal injoctlon 
rato ill 3*23 X 10^ mWA®)-! per day. 'Sha tErttara±Eire nf tNs 
injectors ottaixn ISO ^ the prodoction vicils raocb a terminal 
IS tenpisraeure of 30D •C attmr 33-34 >wxn of operatlcft. Pfodaction 
over thiA p(!riod awexages 5-6 barralii/c3ay par wall, *cith the 
avt»9D aurtfaar of act1v9 prodocin? wella bslDg frca about 40flO to 
5Q00* EToat co&BUittJtion is 1*1 x 10^ DJU/boxre? oJ! liquid oil 
profactiniu 

20 Gaaeoua products ooliccted ftoa tha production veils itay be 

utsdd £br nn"«ite gorteocncion of eioctricity oc oUiHr puzpoaaa. Tha 
oil-phaao pobrolcutt Which la m> prodnoed ie 8i2peri<^ to ccat- 
ventionally retorted aliala oil. Dm j?BlatiTi« rata of xetam which 
oan be eacpectad txcm the Vbcan^le I situatian is illuctratod by tha 
"13c. 1" fiittioticjn dssignaliian on H9nre I. 
>:iWPt^ 2 

A smriam of injection di\d production Mells are drillad into an 
ox.l aJiaio fonnatlCD 2:25 ta In thicknen with 3{K1 n of ovenchuxden* 
Tha at^2cag» grada of tha oil aJiaie interval is 26 gailo&a pikr ton 

:\0 an (iateTim.nad by FisK±er as&ay. 

Thn vtiXl patbem is thB aasn SQmi-«^ot <^ecrib«d in '^aapln l 
exo6.ipt thA «pKio9 iai 13. & id betMsen valis InsffWid of 22.5 a. lotal 
prodo^tlon la 25^000 barrala/day tzcis^vut the life of the piojecrt* 
The Injector to prcducar ratio at ill approachafl 2 to U in tha 

'15 vellflj the beaton and s^oductioo eguipmt axvi idiBiXar to tho^e 
<lMcrihad tn ^J^cnplA U 
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OJ-j* eJciCtriOttl injection rate is 10. S3 x 10^ BTO/>tfail paj- cl«y, 
TVki iriiection well tonporatuiBH r«^i 750 'c and the p/nductifjn 
wells jcieach a f iataI tcnpcratiire of :itm '*c aft,cr a prcdiictlon life 
nf 9-10 yoitM. Prodoctlan cawpr tliis pcirlod avaragas 42-43 
barrfiles/cViy per \nill, with riia average nuiter ot active prt^dtrang 
wdllsi being abcut 60O. Thf% heat cxxisuflpticfl^ x« !S,6 v 10"' T3FT\VlMLrxel 
of ilmritj oil pr<xatX9CcL 

Ab in 2bcanpl« I, cfaaeous prcducts can ba uaed for ca-nitv 
pc3wer qtaicrjrtion or other purposes arxJ tha liquid product vnl3 )>e 
hi^har in quality than ccnventionally xetGrtad sbala oU. Tha 
relativw rata of xctum vAiicti uan be eirpatxed ie iliUiitratcd by th« 
"ESC. 2" situatinn <3efiignabico on Fi^ura 

Tdblc I lifitft ayibinatlona of oilp shale griiian, thic>cne!?9i»5 
and grade'^Chickxucs v^ducts whi^ are generally duitable far un^ 
in the pnRflHnt proceaa. Ttsa relotiv* poBitlorw of sucJi gradw 
thictauMiA jaroducta vith respect to tlM relative rate* ot tlnzfficlal 
xetiuTi are illuattatad by the clesignatiQon& "Prafernid RQn9e"(P.RJ 
^ "EapaciaUy ficfairod ftsnga" (B.P<E^J on figuro 1. 



TftBIB 1 

t;racte {qallonfl/taD) T ^ijcJcnesg W Gbrzide x Thicfcresia 
30 30 &0O 
20 45 90O 
10 90 900 



M2trtt daairable grade thickness eac&npltia axe 5ifii>m as folIc7.-ia: 



Grade {cpUlonB/bran) 't'luctoOfig (») Qradb x Jthidcne^s 

30 ir,0 4500 

7S 60 1500 

20 300 600D 

13 fiOO 9000 

ID 225 2260 



lA garaial, the higher Che grade thlcknaftft imduct ttw more 
ckteirubla. practicaL a^licaticn is LiinitBd ODly by the ability 
to h»ixt the deeizvd intervaJ,. 
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Ttasto v^Tft oandactad in an caafc c ropplnq oi w oSJ. shale 
fOCTtttioa nAiich is typlc^ ai Bubntantially ijRi^rnBabaji aivi 
relativoly thidc oil. shaLc a»pottita< Thirteen bojcobolea were 
arUled to diiptha hftt»een 6 and 12 sn and x«mtb (Unrangod to piwida 9 
pattam of beat-lniactirxi, e^servatlcn and fJUold-proauction utellB, 
witJx tnc iDorcholofc being apaoed abcwt O.G a atpart in order to 
prcwidtt a reJatively r^d aa^rbritAon of data. Haat wan Injoctocl 
at a rata of about 1000 watt* par netr* for five d^iya. After tfcw 
heat-in jcctioji wall tewperatute hsd reached 450 'C, a tt»ipter«iturH 
faJ.X-^tf test vns run £nr one dfty. 

Pi^ore 2 3hGM9 the vertical thersal profilois in an obsgxvaiuon 
well, AS a functixsa of tlmo. Dm data wa« Citbod to a loathsraatical, 
Bol.utiom dfeecrihipg the tcnpoacatiirw difltrilrotaxm around a 
finite^lwigth IIxsh KssmR inside" a Jtadium of thaxnal ooDEuSuctivity 
(parollal to b6ddlu;|) 3.25 ni=nI/cA)>'aec-*C axx3 thaxnal oc3rv3activlty 
(peQcpandLcaxlar> 3,?5 aoeOyat-sge-^C. The epociflo Jieat capacity 
utilized in thft csiiculations was coayited f ran ths thenaal 
conductivity/ thatnal difftiaivity, and av«ra<fa l?ulk density of 
oocen Ia:^7VB3red durln? <fclllijig of the mdUs. The ther3«3pli>'3ical 
propisttieB fna: tJ5e tha oil bltaia in WhicAi tbo taattf \«ra eacnductJed 
are suonarizad in "^^ble 2. 



Figurv 3 ahaw9 r»dlftl profiles coc^ted for Che midiilQ of ths 
Iv^tcd 2aiB for Tmzioaa beotingr ttoM (t) . At the end of a 
tooperaturo build-up ti»9t of 140.5 hours, titt avatage fonration 
ttnper&turo butMn tta hMtax and cbaervttti<xi well Mae 120 "^C. 



l!nitial KCSOnuir TBcqwratmie 

DulX EXnaityi 
Thecmal Dif^ftieivlty) 
Specific [icat Capacity; 



20 <gfalljon/toft 
2»2D gov/on^ 

0.224 oal/gm 



9.8 *^ 
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Pi^n? 4 shcvra a oanparisaa of iahin-atcjr>' vaAuusi vmrt fii&ia 
data ruIati'/Q to Uw Chamal osndoctivity puraUal tn avA 
pcrporyliculor to ttia bae^dinq plants ol the oil ^ahiilc fomotionr aa 
a function of taiqpQratura. Ihe labcrati^:y oopjSuctivlty uoofiurctiiiaita 
were nBdc adjacMt gmpltiii of ocanea fran tte ctozervatiOD well, 
using fxm oyrci%. cut petrallal to and how cut paoqpendlcular to tJtt 
bedding planar. A ai tro92nr^ttno&p)i6£d was ubbcI to elisdnatis 
OKldatiun ranctdcn* Tha samples weace ccnctralrodt In tha vartioal 
dlrecticn but ii»r« frm to expand radially, /iftex tias ssnplo^ intare 
heated to 800 ^C, thft rAdial expdnaiGn avsragsd \.43%. 7is chown in 
thu figgi:99, tte laboratory valuAti ace in aiccttnant agreenent wlbh 
t2iG valuaa ULiiy^ ted from tbs field dat^u lha tu^tu iodicate t>itt 
the thenoal octfiductivity ia lover l^) directioa jpcrpfttiUicular to 
tim bedding plarn^ becau^ kero^en laytaci have a lover ooDdDCtivity 
than tha dolondte matrix. AC temperatures faelov lOQ tha thansal 
ccnductlvlty ±» aaMuitially laotmplcr as cbservod la tho flL>ld 
tests. But^ tba± ooflf^iAictivity baocmae incxeasiDgly anisotropic, aa 
tha Iciarogen is zeoDved (at tarcparatnrea between 300 and 400 ^) and 
gan begins to oa:ayy the spaoos batMoan tha layara. Above 700 
both tha paziOIel and perpendicular oooc^diictivity dacaeeoea aharply 
due to tha daaOEtpoaitixvi of the dolcndte and crvolntlQn of CD^. 

When a subteerane^ oil sbala fiaxnatian ia bs»tad tha oil 
flhalR expands as the tccqperature incroaaaa. 13hen tha oil ahaie 
tmi^^^uratura raactea a keroger pyrolysiug tcnqpoiraturs {fear Gocanplo^ 
fion abccit 275-32» *C) oddLitional axpacaicn fcacces are gmerated* 
The kerogen Is convMtrtod to fluids cnpabla of occupying a largax- 
volurna than tfaa keto^an, and snai iUuida beoone increaslxvgly 
poDeeowizQd vthen Uie tenpersLtiirD la ijoor^aad. Aa more fluid ia 
fiaxnod and mrm fit rid ia baatad, hyrtnaHli rally indocad frau t m 'e s 
form vitJilu tha oil &faala £033rotian. 

Practuicea i^hlch are tydraulloally Induced within adstarraoaoA 
aaxth f nrmgttnn a fdrni along planes perpen^.cular to the loaae of 
the thraw principal coBpnaaaive jU e .ssea (i-e»/ octa vertical and 
M> Hutually paEEpandioular horizontal ocsopraaaiva stresaea) «tuch 
CXiat Vithio any aufatsrrzinaan earth foKsartian. However^ ifhsgca tha 
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hyttowitc fractar«ft tend to be vortiLftl, hcariTcntal fZBCivxcs can 
ba fcrniKl ty Ijr^J^auting heated fluido oo ttot th« igalLJi of thfc 
vartical fracturco em? lieoted unfcaJ they sMoii shut. Than, by 
tiCTM&irtq the fluixS injecticn prttK«un> tr? greater than twarlntrdwi 
presTOiOp a torixcmtal fractare ca)^ ba focmeci. Rocii proccssca Ttir 
thexnally iaducii^g thu forrotion of hcrizontal fractwrec by 
iT^jeccuig cstcmoliy hsotiid ana prescorized fluids are r3cJ5crihod in 
patenta jwr* as tJie flbcwtt-nwtiorod US Patunt tto, 3,284,781; V$ 
Patent No* 1,455,391 by C-S. Matthaw*, Varmwora and C.W. 
find ns PatM Ho« 3p$l.l,7$& by P.J. ClDicAQcn« 

AFpUcants haw luai^ dili^3^■TOedt tJwit cubatmxtiiaiy 
inc^nreabne nibterraciCAn uil e^ioIm Twlng dac ps^siantly spaciBsd 
ccnblxiatioQ of gradii and thickDD66 usm cmductively hc&ti^O 
presently syKsoilied,, e ?one of parmNifcrility wme iiievelcped bcttueen 
weUfl witJiin the oil i^siln, Mttoagh t3iB pccaoat Invantioa xb not 
pr^mia^ on any particular nachnniwi^ in die oourae of aucb a 
trcatar^crt the haated oil etaalft b^^Mai am t huugb It was scto^otfid 
to the abova-deocaribed t^^pe of proos»«ft for theisnaXly Indddng thA 
fonnation of hori^cntal fr^ictaces. Sodx a bBhar^iDor was txit 
predictable* Einoo tha pir«aent pcooesa ii; €E»ratad without any 
iajtictioD of ojry fluid. It ap|>!:>ar0 that vhen tbe p xe ae iit proocsa la 
cporati£<d witldn an ojipazmeable Oil fihftLv, tb« iza oltu gezisratlm 
and dx^laoemcnt of haated azrl hi^y pressurizod fluids occurs at 
the timea and to the octcnta na&bdd to fwccessively extend and 
horieocrtally fractmna ttiroo^^ aeucc&tfslw portiona of the oil shale, 
whsn ttogo pcortiona beaase oondoctively hcatod. Ihk torn being 
htiated appeaxe to under^ a rclAtivoly unifooD, boriSGntal/ radial 
cxpansioD ttootxig^ tho oil a^jale* at tho rat» set by tho thenral 
ccoductivity of tha oil ^lale. m oacii iwcceasiva Iccatlon in vhict\ 
a XerogsD pyrolyzi)^ tafqpfirature ia reacted/ fluids ajvaor to be 
formed^ heated and pressuri^ ao thart aobstantially aity vtucticol 
fractures vihicd) are fomed witiiin the baatad zona are subsoquontly 
cotJvertBd to bariccntal fractures* 

iV|;pllc&Dt»' teats indicated cMt sidastantiaily all of t^i 
flcud Fyrolysis products of the oil ^le tended to ranrnin in or 
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r^T d^o iixastiota in which +i>o^' were fonittd untd.J nicy were 

adijoijitng tho liMct-iniecfiiig well*. In ndfti,tx<a^, the fractirre- 
ii^ducing pressorc oi fluids an tha l«o:l2ctTtaJ. fractures app^ara t?? 
5 liaws been i.-«3aoed as tixim f i^ids cxpemdad antj >«rc ooolod as 
noved aurfay frora tha hottwt pcartionjj of the baati^d zone. 

Utna, e» tanMKit prooci&s seam to jjvftwe the moviivj cyf a zxano 
o± ka^09eDp^yroly^iug twperaturcs thrtsijgh tha oil sfe&l^ 
iJntBdiactely behind a zanm of J.ccalized frocturijtg in which the 

10 frKfturea ans, or socn bacomp, hcariTsontal fractuxea, Ito 'ncatiiig 
anj fxact3uri»g acmeB seen to iJDdargn a subscaobially onifdcsv 
horiiontal, radial cKparaion throu^i tha oiJ .shale* until thu ron^ 
of fractuzdng roacihcA a location (50ci> as tfaa bor<4^3;b» ol a 
production wall) frcro wiiich the o5l ahalc: E?yrtalyai« products aj^te 

(5 witbclraun. 

In addition, applicants lave dii^osvervd that^ at laast wham 
thift irfvecburdea^ pcossnrs la mil, thd 2on» a£ penne^ilit^ that is 
ccoatfid betMaen adjAceot Mall« xvCaijis a sigbificantly hi^ <i6gx6m 
of pc:ntfi2d)ility after th9 foroatlona have ooolad, Thm it app^u^ 

20 thati <gr9en if tha ovQEhor^ prafis&zB i^ hi,^# an a^plicefticvx of 
tl\m present process la f^apahle of forming a well-interocBinfic^iiig 
zcno In which ths paxvoMbility resoina higt) or oan bm readily 
restczed by an injaction of fluid after aom or all of tha huat haa 
dlfi&ipated* ^ndf the daqtOA and lcx?ati<3n of that cieTneedbility oan 

IS be o^Jntrollod by contxoliiog the rata of reuDvlng fxm the 

piof^Dclng walla. 

Thft data obtaii'^ by ma&Kurfisenta iu field teata of the type 
c*eFv:xlbed abova vara induaive of: the thexnal coctductivlty of tba 
oil shale fannatim^ the ancuzit caf oil reoovcradsia by Fiachiu? 

3U a}uilYr>lfi at variou daptha wiChiQ haatad irteivaia of the oil 9ha.Xe 
beCoie and aftor tsatstinj, the measurGmaot of the aaxoM of 
pyrnlysla £4:odQ:;tfl nQOOMarad, and ti» IDca. Hhila no ocDmonicaticd 
osclfttad Letw e ei i beat in^octnra and pccdocers at taat start*-up, 
iajocticoa ctt tfaa end ot the teat dencoBtrated t3ut paoneabie 

25 channcLfl had fbzoaid, Bw results of standard en^iJVMziD? 
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on lcu lationa were ijxiiuati.w of tine appHoabUity t)f a c^xv:Ey^ , of 
the typt^ c^fe.TCTibi.'d abow* to the ns-wlbs Qtrtuiinad by ttm taata, 

FiqrDiiR 5 .1? a 9rapb of Fisc^ Afui^y yields, fxtxa the tarqfft 
zocc in th» field te-it, ac a function of di^jch 0, It© hcabid 
5 im:erval ojitanded from 4.2 to 6 w. TiiH fSDlid curve shows tbe yiclcU 
h«fo\Te the heating tuttatnwtt and the. ciashai curve show!* the yieldo 
attftr Tne*/3rting u&s ocin)i«t«1, TItp yiolOft batoa and a^tJar were 
uk>t>i»ntiaI2y tba saroB aat&lda H\a beotad interval. Ittt incasuixati3\t& 
were (nadb Ga cores from tif» centre of th« pat-texn bofcre heating 
1 u ani on corGs about cm aMacy after hoatiu?* varlatione vliich 
are apparent Id thosQ yields are within the nonDul Lutdta of 
aocnirncy for the nsajigring of isucfa vaiiieM»« 

MtiVLQ tha hAuLtod interval tbo Fidc^er Aassy yi<04 ^rops frca 
on avierage of 20 gaUcrai/tnn- before \he ttist to le^ than 2 
IS galicca/ton aftw IxeatlBg. Hie xatotrtiTOj efficiettcy yithin the 
procefifi eci^ wan thue tetter them Mi of P5«i*er Assay. 

The pattam and extent of tlra rasovory oenfiiro tibe fact thab 
little oil was lo&t ovtsr the produdJig ]ioxi2aa thtou^ vevtical 
fractures. In edditioa^ the onifonvit)' m rotorting efiicienT)' 
20 thmj^ ttai naated zaoe, li^dlcarteB that thezraal fronts ware 
appvoxlmtiily uni^sm c^^r aost of thd heated interrval* 

^e unifonnity u£ the themal frct^s is ev^ noce apparestt in 
Pigorea 6 and 7. Ihey aisow hixlxantal and vertical tesiperaturc 
profiles oalouiati^ for a ?et of vertical beetere in a five-^pot 
2.0 &guare paittQiai. Ihe set uaad in the oalculaticns ijicluded taar heat 
ini^entors and cnc oontra pcodooar [rdt .rIutnti/ iTUt ceotored boitween 
tbe beators aiUMa oo the fic^iree) . Bsbch licator uaa aaBuned to be 
?A in luD9 and heated at tto rate o£ BI4 Wik 

'ihe pocofUcs la Tigura 5 (graph? of toi^raturs variaticnfl 
30 with diataiicae frcm the hcarterai wexte calculated along a 'aocizaatal 
sijt^ioot I^I^ Y^dch axtflnSa through the add-points of haatera at 
n;3£)oslte comara of tiM Figure 7 la a Rimi Ur gjcaph of 

profiles alcng a vttctic«il fse^nent 1,^1^ en the axis o£ eytmBtcy of 
th» pattern. 

Such calculatjcn» indicate that by flm time retcvtlng 
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baai«ratiirafl (27S-32.5 *C) art; ruochad at fJia c«nLre of ttte xjattcm, 
iiotc than 87% of itn vo1iot(> has been vjiivurtud whila only rtaout 14^ 
of the convQrtfid voliia* i^a^ h^ted to tnorc t}ian 325 *a FVjrthenicre, 
th9 calculaticns irxHcsito that .i.f the pcwcx is tui-ned ts£± or 
.S redunncS before thsi cnntrv xisacbaa a tarcpnc teirxicrAtiu.» atich as 

325 th« JevoLling off of tbc tbeniBl frrxius will still halt t>» 
centre ol the pattarn to rBtorting tocpaxaturov «w3 will also 
rectos tho bBfli»ratnr» risa at the hcMitxird* Ihia node n< opcaaticn 
can eitsur.'C tbAt Icdd then 10% of tha heaeed voluano 1^ hutsS to 
10 TTOi» than 325 'C, ajvi tlnua cad iXitsroam t3h» thermal efflcica^ of 

In viw of thD £ibjw» tart wnolts and the oalcais±loiw halted 
cm thooA reaoltS/ it appe^irtt tfaart, ooctja to prior tdocbings 
ourtd baliaffl, tha ijiitial jjDCJitnittBbility of an oil shalei ^^JOftit can 

15 bo ut l li c ai aa an advantaspc* Ihc IiiLtial iapBxnBahility ocnfli^&s 
the fluids aaod Croctnzwi witiuii the wsll pattom, bIacb do 
pafcrreabUity exlat* untU th» sera botNam Che hfiai^-lnjertioi^ and 
flaid-^paan rtirrin y \4i$lla becooe perDaaatad fay a pattaxn of heat-induood 
hocizontal fix^i^ctdvea. 

20 in tha piebg ai t peaces?, the rate at vhich huart ia tranaffritt^d 

into the oil sbilo docMit ia atroc^y affected }9 the tcsnporstuic 
gradUnt hetwaen a heat-injecting wall and the aurrcandiitg earth 
fomitloa. In a preferred pcocedam, tba detazttdnartiami of 
variations ^itb doisth in the coa^poait^jon and ^opertl^ of the oil 

25 j^hale depoait iliiclude a dototsninatioe of the pattern of heett 

conductivity with dapth within tte earth fcszuttiCDa adjac^st ta the 
heat-in j acting ^mll. B&sed cn fiuch datendnatiaeia tha tenperatur« 
to vdiidT) at laeat cna haat-^lnjecTting veil is heated axvi arranged to 
ba xaiatlvely hi^ ax the dopthe ait whi<di the heat (xarfoctivitles 

:w of tha Aijacent tsaith fioxoations arc relatlvaly iotf« ^Ihia tends to 
oaufie the rata at ^ihicfa haat transBaittcd » >i r »' ^»j h dia earth 
fionnatlcna to bo stteteetially unifozni aUxtg the axis of the 
hoat-injacting veil. JOoam ptooadnzea can ba ntUized in order to 
pzo\ada higher tocpemtoree in portlcna of heat injerrting wsUs 

j3 adjaoenfc to mrth ftjnmtione of relal:ively iow haat cmSuctivity* 
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For dxanpLe, in h^XIb vDich arc b^ing haated by ^iQGtricai 
rdsiBxanc:««, ftddltional revlsciuit eXenoAta can be poRltlon«d at 
th6 location at vbich extra heating 1» r«^uxrad> preferably with 
precaution* being tAken to avoid the creation of "run-avay hot- 
spots" to increa»ltt9 taitparatu^e further increasing the 
resistance and thus further lAcrsaalng the heatJa^Tr for axampl*, 
aa deecrlhed in the coaiDooLy assignfl^ Canadian patent apt^ll cation 
serial No. 495«85« filad laovember 21, 1985, by P. VanHeure end 
C.F. Van Egmond, In valla bainn heated by coiobu8tion« TQorer or 
larger, or mora heevLly tired, burner eleoMnts can b« poaitioned 
in aucb locationi. 

Suitable daterftiaatlonB ot compoeitiona and prop^rtiei 
of tha minarala and/or organic coaponenta of an oil ahale deposit 
and tha variations with depth in such propartiea can be nada by 
meana ot known veil logging, reear^roir sampling, and tha like 
analytical procada^ea* The detarainationa can ntillse pravlously 
meaaured geophysical or geochenUcal data or laboratory or core 
analyaaa, etc, for exaapla, tho varidtions with depth in the heat 
conductivity of ttxe adjacent fomationa can be determined by 
calcglatlone based on tba kinds and amounts of naterials present^ 
andyor by thermal coadxicttvlty lo^^iag maaaurenentSr eto. Ufl 
Patent Bo, 3,^07^227 deacrlbaa a logging tool containing a 
constant output beat source and three teaperatuxa sanaora fox 
obtaining a log of reletiva thamal conductivity with depth, 98 
Patent ?o. 3,892,129 describes logging cased or open borabolea tor 
tenperature, epacltlo beat and theraal condnctivlty, onploying a 
constant oob^nt heat source and three tamperature sensors. U3 



P»t^nt No. 3,SSA,9Sd de«crli3aa a logger tot inaklzi9 aratlon 
in«a0\]reiB8ntt ot tbennal conductivity by beatintf a formation £or & 
tin« chftQ BMasurlng tha rate at Mhicb tn« tem^ratura dacaya back 
to tha amblaol taoyaratura. U& Patant Uo. 3/$dl,Id7 d^6crlb«s 
1099iDg tbartal ooAdactlvity of a cased irall by tuaasuring tha 
taiBpar«tura ot the casing w^ll before and aftar pasBlog a haatad 
Ptroba alon9 tha vail. 

Aa iixdloatad abo^a, even with respaet to a fiva-apot 
pattarD in vbioh a alagja fluid- producing wall I0 surroundad by 
fonx baaf-lnjecting valla* sobataDtlally all Uie InteiA'anltig 
oil 
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shale C£)^ h2 both rctortcO o/id vaadu fjecnaabla, HcMsrver, Ch« preeefnt 
liTTenidon xs^ ^cferedbly cn^loycd Iti a uyrlutt ot ctxitignros S09«n- 
or thj.rtecu-spot patterns — in oitlifcr oX which pattsiTui 
(particuiai-ly in the thii-taeavf^pot pattens) the retort ii3q ratu isi 
significantly incanaofiBtJ by having each tJ-uid^xortmcljag 
curroundod by six or twfilx'c* heeit- injecting vis^lJ^. 

His wells used in the pro&csTt s^co^ttn c-m hd ctuplHt^ by 
Rubataotially any mathnd for cJriJIirgg a torcbolc into iJixVor 
apGttiag a parwdxting boreh;?!^ intp tluid ooantmication with bhe 
stubterraneac oil £hali2 lonsatlon to ba u&crd oa im oil 
treatiient iirtarval. In ad^tiort tjo having the spacuJiod abswott of 
kficfm^cBuxt arocnts of irnbilB watatj thjc)>rte39^ az^ grade- of oil 
i^n^f t!ae irrterval to which the pirenent pcecB^ i.*9 allied stxTuOd 
be oapahlo oi oofif iniiog fluid art least eubstaatially within the 
txeativent. inbcrval^ at Ie»fit la r^spoct to aUcidng no aignifxcant 
leakase into cnrer lying Uxratlons utas tha prasAim of tho fluid 
Ti^eachsift pxcvfv pir^smxey and fracture tbe fontation wieiln the 
troattnent iiit«rval. Th» bcneholni of ««lls ccaiplQted fipr in the 
pjrcdoiit carooQS9 sbaald be subfiitttiti^dly pomilBl and eftparated by 
3ubBt3ntia31y equal d93tdnce9 of at least aboat 6 m. DcoceJioie 
sEipzLi-atlun di&taaoatt batscoen irrjectars and pEOdocBCB oC treat strait 
9 to 30 cn are partleularly sultatde. BortdtDldfl fre^ of deviaticsia 
fiwi parallel, vrtvich causs vartatieivs of mm:e than etoot 20 per cent 
of the wsll dlfitanoGS ai-w particularly suitable. 

In the heat-Jxt3«cfc3ng weLla used in the preesnfc prooew, xht^ 
ccsncnt or eunant-iito JiAtoriAl vdilcb is mobA to fiaal aloog tbi faua 
of nhfl oil 5h>„la fOT»ticn i«i pref<ncably wlacively heat-^ccndoctiv© 
and flubstantially fluid-inpum^XB, Sarticolcrly pmfmtxnA ccmnta 
aru ^tabitf S£t tdO^pftratxirQft of at Ittaat about SOO hava a 
relatively hi^ thamnl oonductiviticai, rcOativcIy low patm»abilit>', 
littio or no shrintoge* an adequate easa of pucqpobiliiy a])d good 
c^vnjca^ rwistaooe/ etc. iha penflMbUlty aaid diapoffiticn of the 
aesOing tnaterial shouJ.d p(ro\'i<te a eeai capable of printing any 
5ignificant mojnt odE fluid flc»f betKnen ttm interior erf the 
tCTi^lo JT^ tacm of the oil shale fonaatimr so that: t±m 
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txMMfmr of heat frcsn tho v*jI1 to tha fcnnatisCn is siibntHntaally 
«ntireJy hy ^ol^•luct^c^^. (<hcro portionu of thft iicat-injectiug wall 
borotola at€f H^#jct_iveJy incxeased in diajaotcr near upjfar and laast 
cxtrcudtiM of tbu trBotment iirterval, for exag^lo/ Isy under- 
5 reespingi the dlrtiMtwrs oH tJ» incnased pnrtocna an* preferably at 
least atoat 110% of the raxninai torriralB diamBtCBr* Calclwn 
almdnatct-bonded coQCzetes aiid/ar cemmrta oontoiniog oluRiua- 
8ilii»Lts oggngatea (or firm parti cJ.es) are partu.culArly sxiltdjlo 
for use as such fcnaurtim Caco^Eealing noterrxal^* (^csoplj&s of 

10 suitable oscncnts and ococtcdcetcsft Inclada tba^ deBCTibod izi CB 
liatent-i sudi as 3,37^,252; 3,507,332 and 3,393,642* 

Picroxe 8 9bow9 a ponrt..tan of a hcat-lnjoctirtcr vcdl bort^haiui 
borelx5lo 1, vftilch la nuitate.le for use in the present ii^vtsntion and 
l3 located Mlthln a troatosnt interval of 9i±ten:aneAr\ o^l shale 

IS depOAj.t. f^etolo 1 ocntalna tfnlortgiKl purticQ*, uicit as partions 2 
und 3, ^ii^ can be tonrod tiy cotsvieuticml prooodorcs siich aa 
undon>wming dmrincr drUlirxi, etc. A caaing A ie 3Jx»*n positioned 
vfit:hin the taorK^iola tad i wi i yn l ml into placa with a fluid- 
iicpenncahlo> haat-ccadLicti'm naterial, &txci\ aa nsmtL. 

20 VTlthin each enlarged horebole porticn, tho casijtig 4 is 

equirajBd vith at least one haat^cand^ctive metal, elenent, soch aa 
collar 6, oontalJilng radially extttnei\ie cileniBTita or lacartioffta^ euch 
as fi«xiJt)le xmtal ruesbers 7. Soch boatroconductivo aatrriftlfl form 
rdAtively highly candnctive paths finr conducting heat ftrcro within 

25 the. interior of a borahola to subataDtially tfaa wall of an enlarged 
pcrticn of Che boocebola* EXanples of &A)itabl6 h^-ootiduotiv« netal 
elemHcit* indaOm ontal wall acratchere, tttrholwCTi indBCNrSr 
oeTTtcalizera and tto lite such as a Oanoor-Lck n njy j hrfirte r, or 
Boltlok rorbtAODdar, a\>ail4*>le fica Bakerliiw division of Bafeer OU 

JD ^ools cor a 101 Bar S ocotrwHy^ir a\.<ailabi» fron Antalcapa Oil Tbol 
ani ManjxC?K:turlng Coapnry/ oto. 

With an jaa i *HM ii C of the t^-pe idsMn in Kigare at least to 
aj&fi ttctufst, the &Ezxt of beat trawitted away frcn a heat- 
iujectijag well con be SBida wcsrm \jDiSSacm along a vertical line 

J5 ti^vorsiog a layer of relatively lev h^ oandactivity without the 
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necftnic>> of T«iinbatnlt>3 a bi-Cfhur tenperotuM in the portions of the 
well EKljocBRfc to thAt layer. «!han a uniioou twdip«tsitur« ia 
loaintAlnfid '^thin ttw interior of tJ^jC boretol6, thi* earth fnmatj.on 
face, alonrj i»uch on «7aargBd porticos of tiro borcbolo bcocuaas hwitad 
to i^ubfitaotlally the sou: tHB^ttratnra am thm fo^:aaO.<xy tAC^ alczacj 
narrcwer portljons of tloe boncibolii. Sine* tSm faoo of the f<»:suiC:ioa 
afijoining the Ixcehole is boatod to tha M.^^efft tenf«ratQr« of any 
portion is tha foaosaticnj ihs tennpexttbujx. 9rd;Hjijnt extaodiji? 
raOiftlly away £raa tfaa enlarged paction o£ tte boio-faol« in Bhiftad 
radially away £rm thft bot^^Je* 

tn 9e^a^^^a/ thft heatlAg of tba iittiiriitf of that heat-lpjATtLng 
vmll COD tm aoccspliahed by substankioUy aoy typ» of tasvtin^ 
clevioe« sucb as cadXBiti<» nra/ox ela^trlcal type of hcatija^j 
oLcments, or thsc liks. iba bast-tng eXeaent :teal43 actcadi 
flubfftantially t]m:iughcut tb^ txwati u nt intiKval (pz«f«rab1y 
throughout at ]*«»t 5flX7Jt »0 per OOit of that ixAwtvol) . S^&sarm a 
cadDUStim typ* luaatiiig fJ-enent is aB«l# a gas-fixed heater ia 
pmfexTsdL fb«l asd oitii3af\ta ^ a COTto8tiao >mtGr (sucb ad 
nathaTw and cvygaij aro ^aferably at^liad trou^ separate 
condxltfl laadin^ thrcui^ a heat eNchaD^ar in whicli thft innrwring 
fluids an haatad fay tha QutfLowlxt? oootnxstioa prodocta* tbo burmr 
liouaing and fluid cosiduits of a oowtnaitinn hratat ara preferably 
inAta3.led within a coodult v&Lch is aurrorjruiad by an ancBolar 
apace that ia filled hy the cewnt Cor soaling the face of tha oil 
Sihala. oanarally stdtabls typsa of ocRbostlcn heaters vfhlc^ cculd 
be arranged for ose in the pone^it ^ooaaa are daacribad in tis 
Dcitanta sodtx aa 2,070, BD2| 2p78Q,4S0 and 2^90^270. 

An electrloal resilstaooo hontcc la particnilafly suitabla £sr 
haatdxa? tha intBriw of a haat-injectin? waU in tba present 
prooesa. A pLurallty of rccistano* oXbaaats ar« piafanhly laond. 
Iha mcLatanca almantfl cm be RCWted wit^iln or cxtamal to an 
internal ccnvtolt or xxaA, cr aiiiply extcnted into the bcsroholc. ^ten 
tUa rauiatonoaa or* tikljainal to, or are frae of a auppcrbing 
■loKatxtr aucfe aa a on&iit or read, tiny are fnfarably eobedded in 
the coccttt ulilcb ficals the faoa of ti» oil tthal* aloo? tba 
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biDciiaa nt iuttm.'ai* GAneraUy sultab^o types of electrictil ht»atHr«i 
v^ich cculd btt ocrtingttd £br uaa 5n che ^eoect pi:ocei;& are 
deecrihed In US PatoitC SfUdi <ui 2,*72,445r 2,^84,06.1? 2,670,802* 
2,7.12,195 aovi 2,9S4,326. 

In various re<wTvoj.r 9il;QaUa\&, portioofl of ai <iil HhoXn 
dqx^&it which Mould, in ^sneral^ he suXtabic for uu« a» a tzvobrBot 
ii^tcTTal, a» dsittotibud in cur pai^nnt arpU catdcv^* oiay bo p^rta^bted 
by nauural fractu^^^ mitl/or jjiisrau of tMeeOmem. Uuc^ relatively 
v»ak nx>9 may xii^diergo r<:ljtivcly lodig qxtgnainm of varticsil 
f racturBtf when pra^^urized fluids b^dng di^iplaod;] cBktay £ruci m 
Injectioa \m11 iitA>tt into Umau This imp nBsult in octendio? flold 
pasiia^siiay? ]>c^'and tlio cpcninga into pcoductioo mviXIa mVor into 
o^lj^cent aqNxifiqra cspobilo of csQSlng an infloir o£ KatKr to 
extant detrijtsBYtal to the oil roooworj' process, 

Wc. hiavo dinucavwaed that aoch prroature fraccure exUcnslxM 
can b9 atvoidod by drlUirsg and tiaating "guard wella^ within au^ 
Tuiativa^ veak oil slialo zonaa in loc&tiona sutroiffidin^ a pattm^ 
of Iteot inj^tin^ ajvl fluid producii^ wUs and/<M: in locatiods 
iiYbcrndttent b ft buM n a heat injftct»)9 or fluid producing wdl tt)d 
aj^ adjacQitt aguifar. Such guurd widla ax« U99d for ocaiductively 
heatliig Uia adjoliung foxsnstioM subatantially tl^angaghout tha oil 
nliale interval bo ba tmted bo a tcs^Kxatuxe vhlch ia too lobr to 
ga&ify significant p Lopai -tiocw of the oil ^ude gaoic occ^^rtents 
but 19 high enough to o^i&st a ^dgnifiizrot thannal ezpvnaian of 
rock»« tiTum thom rocks ate Iwated the natural iractur«o on? kdjjfc 
clo£fid flTbd tha fracturing cauMia by the apptoaj^inq pcessorized 
fixai^ (displaced away fro* l»Rt-ijii«cting walls) tfinda to Isa 
liiidtoci to horiscntal f ractoraa oansantrated alo^ tha nidtm imteat 
to the haat.^>7rtectiTi9 velL^. fluid producing welie are 

Xocatod sabfttantiolly faetwaaa tbe hHt^lTriacting velle and ttm 
9i^d veils, t^je fractures aro pctt£iimntially idctaedbd ijito ttsxe 
well;:, wbeiv the high fluid pcoesures axe quickly raducod by tifaft 
production of tJse inflowing fluid. 

Ifaa encoonteETing of such celatively \feak reservoir rodo ifl 
to ba irrHratad by an inflow of vater into «ael la driJ led into 
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mcti lOcfcA* m gamral, tha natural £^»otimm crnutincf o 
waeUcnasQ an3/cr vatAr innow can be tfieasnflilly olo&t^ a 
mlativ-way mild lisaxij^, an loog fw tho fracture poroflity 19 Dot 
MCtTfi than otojt S pur cent* 
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C T/ A I W $ 

I. tn a poxcMS In vAiich oil ia prodDoad firm a !iut>terzancian oU 
Ahfti* deposit lay oxtendijae eit iuoat era each of baat^iujactoiig and 
flttid-pnakacing into ttlC dopooltr Qfit^idlfibirg a haart- 

ooanductivtt flukhiofiaarDeabia biurner baewaon tba i}iterl<»r of oadn 
TiMt-in:>cctiA9 wall cold tltt adjocant di^xsoltp and than btto^Ung 
int^or of each beekb-lnjoctiog vmU a± a toKpaxatora aufeicient to 
uonductivflU.y bnat oi3. shale terogsD aid oauM lyiolysia prcd:ictft to 
fona fjcactiittta within t^Ki oil 9ha\e deposit tihxouc^ V4hlch tba 
pyrolyeift j^OductS oco dii^acad ic±o art lauek com pnyfairtion W9ll« 
an luf^awwLc nt for eftendjog* th» uaif»Kity of tha haat ercnta 
lEOvio? thiQTjgri tha oil eOude deposit, \yhldb nrrnprlflpai 

datazadning wriatioia idth dflptfi in tha coR^mition end 
psopcrtiofl of tlM oil riiala d^aflit; 
oooplfitixig said baat^-injectlng and fluid-pcoducing Mail4 
>i9iaotively lato a troBtmoirtb iatttved o€ oil ahala in ^Md\ 
the oU atmta deposit (a) l5 at least about 30 m thick, (b) is 
sutetasttiaOly lapsniBabla and frw of noblXe ^iateri (c> nao a 
oocyoaitlOQ and ■tfilrftnffrw Mch that tba p rod u gt of tl» a^t^zbgo 
Fiachar 9rad9 tines the thicknese of tha treauaent 
inttttval iA at laaat ab^ot 9Q0« and fd) tbezeiby conta^na 
OGCEpoiicsntJi cepalDlc of Intaractingr in a tonoar antexdns tha 
^piiforndty of a -front of oondBO tt voly traniaslttod hoat, with 
said WBlla baincr arrangBd ao that* at loaat mAMtantiaUy 
t^irco^hsnt Mid tTMtaent intxryal, tha vaU. borefaolAS are 
9Ub«taDtially parallel and lum m tpa ratrn d by a UjMtJijLi a H y 
ec^uaX dxetaDoea of at least about & bu. and 
vithia tfaa intarior of hsa^iniectdjig ^9aU radRtalnln? an 
avm'uiji tnpesatuxv which, aaZcctivaly alon^ said txaatmt 
intaomL* Is et loast about tiOO hat iM not high «30u^ to 
thoanily dange eqplfDent idfthln tbc well, whild ioaat ia 
being traasnLttad lemy fiat tbe veil at a rate not ai^ii- 
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tlcantly fastor than thftt pamdttad b? tfas thaznsa txan-* 
tetivitles of the c&rth ibixiititiunft ud>uttnt to tha haatAd 
iJttarvjd tritMn U» well. 

2 . T^lA pBTiXwai of claim 3 in vihich, to the extent ine^^oiref^ to 
kflop thv rotu ut (».Mch hrat is trsnonitted U ir uxt h ttnft oil shale 
<lApoelt cvJtomaintlfllly ualicdaD aloo^ tb;: axe» of tha heated internal 
of tha heae^tDje:xin9 >J^>1/ the tatpeisrtuni at ndaitAi at 

Iwtt one hwit-tnjoctijngr is heatAd is reLatively 'alghar At 
dspthtf adjecRTTt to pooctlxsia of ths ojJ. sibale (^toposit in which the 
boat osnductivities ore relatively Ifluer, 

3. Ite paco cc t ss of clain 1 in whida the ratA of ittoting the 
interi or of at Xeurt one heat^lnjcctixsg wsll is varied to an ostcx^ 
causing an eJfeuL ive levelling off of bbe theairaO. fronet m t^hat the 
rate ot ^idtvanca thztv^ the oil ghale Oif the tt^ocml Czcnt ie 
ocatiiroed at otetAtlally thft suae rat» While the x:atfi of i^tcr^ase 
of tlie t^a^eraxvr* wit^i^ the hoxeltolo is sicpificantly jnxSnoed. 

4. Tbm pEooeee a£ daln 1 in the beet«liij«8tij)9 and 
fluid-vcodLtclng \celLs are amug^^^ In a aeriae o£ conti^ixwii 
pattezss in sach fluld-produdng vail is sucsojaded by at 
leeat four beai^injectiag wells. 

3^ The panoaee of daiw 4 its «hlct» cocK flui*-piwaicing waU i3 
adrtouodad tMalm heeb-is jes:tiD9 ^fellf>« 
€♦ process of claliQ L in uhicb tha oil tihalc gxado la at 
I^at about 20 gaUcna par ton and tha gzaderthic^mass product is' 
At least about 45QQ, 

7. the proocM o£ cUln tr coaspriidjsQ the at^ of 
- in each heet-anjectin9 wlS , ^tetacitially thKCO^oot the 
traatcNBSit intficvai, amllsg the faoo of tha oil ahala fnsnarticD 
vitb a aolid OBbarlal Wxicti is relatively haat^oaodactlve and 
sitetecrtially fluid liyeriaablfti 

la at least one heat^jecttog well incxaaalDg the effective 
dimeter cit Che bccehole in at leaet aam partial of the treatment 
inben^ net earteodittg at least one lieairu a uJp ctigai aertal alenant 
fiecB vitMa the 'ir^A/^rtr of tho borabola to aoar the faoe of the 
0(X9i3aEged portico of tba borctolar. aod 

In each £luid-pcoduoln9 wall^ ndMtettially thorcMghout ^ 
treatnent Interval/ ectabli^>iji9 flxdjd coomanication be twaen tba 
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wll bore aniA tto oU sbaOc faxnatim and azrangiiiQ tho L for 

B . Th« ^T)c«n of clajjD 7 in \<hi^ tin ntflodai wnling thv faoa 
of tlifir oil fiholM fornBtim oXcng thv bontei« ot a tsut-in jvotixig 
3 Kell Ls a oesnoi^t flrrangad to rill fiubfltaotially all of tbc space 
betwm the cutoxnoftt oatAllic tflAouttft vsithid th>o iobKrior of tin? 
horehDl« aw3 «acs> of th<^ oil ^>eLl.e foxawuion/ vdch. 3a.i/5 oansnt 
having a theisFal aooductivity ait 3<«Brt «i4a«itarrt.iftlly aa higb as 
thAt of oil fihalto iOixntttido. 

(0 9. Ths pxocesa of olAin I ui yMjAi at lout one veil Icxtated co&r 
an edgB of a pattPiT) o£ heat-in jecttng ant) floid-^irodocinicr vella is 
dxtfiscidad subHttmtially throughout tha tnmtnujiL iDtarvol And heurta^ 
At a tfi!irxMrfttur<» tfuiagh to ooum a thanaal «H^uk)dngr and/Qir 
conprcsolvo stzcAolng of tho-adjaoant oartii forraatlopg hot lew 

15 enough to avoil algiuticsit thooczial lubboliTation of or^mc 
coa |JUjy ntfi of thtt oil ahaia. 

10. The E^moss of cialn 9 in uhicta at IcMttt <xm so hcatod veil is 
£Ufo6ec^20Qtly bdfttseet at AxjJt tte -tsmpoaAsm SfOfictod Cor ite 
^eatjng of th« heat^jectiog wells being otplcyed^ 
20 1^ prcceaa of clain I in «hidi the hnrrinlag a£ amid 

haat-in j4ft;;tifiti and £li2ld prcdming mlUji a^e aaparatfid by 
feuhstantially eqital diotanoee of about 9 to 30 
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